Abstract: Physical and chemical body composition of gilts and parity 3 sows were used to determine current prediction equation accuracy and propose alternative prediction equations that incorporate additional variables. Longissimus dorsi muscle depth and parity can be combined with body weight and backfat to improve gilt and sow body composition prediction.
The ability to predict the body composition changes in sows presents several benefits, including the capability to estimate nutrient requirements, evaluate feeding programs, and to monitor changes in body composition over time, all of which improve individual sow management throughout her reproductive life. The NRC (2012) currently uses empty body weight (eBW; BW minus estimated gut fill) and backfat (BF) as sole predictors to estimate total body protein (BP) and lipid (BL). However, using other live-animal measurements (e.g., Longissimus dorsi muscle depth, LD) or physiological state (e.g., parity) may improve the body composition prediction accuracy. The objectives of the current study were to measure physical and chemical body composition of gilts and sows (actual BL and BP), to predict BL and BP using NRC (2012) , to determine prediction equation accuracy within this group of gilts and sows (parity 3), and to propose alterative prediction equations that incorporate LD and parity.
The experimental protocol was approved by the University of Guelph Animal Care Committee and followed Canadian Council on Animal Care guidelines (CCAC 2009 ). Eight nonpregnant Yorkshire gilts and 21, newly weaned parity 3 Yorkshire sows (21.1 ± 0.3 d lactation) were used. Due to the relative immaturity (still growing) of gilts compared with multiparous sows, it was likely that some aspects of body composition would differ. Gilts were selected to have similar BW and BF as the parity 3 sows before first breeding. Parity 3 sows were sourced from three consecutive blocks (7-12 sows per block) based on time of weaning in the batch farrow system at the research station. Body weight and BF (6.5 cm from the midline over the last rib) were measured on the day of slaughter for all animals and were 157.7 ± 3.5 kg and 18.3 ± 1.9 mm, and 237.7 ± 2.1 kg and 18.0 ± 1.2 mm for the gilts and sows, respectively.
Gilts and sows were euthanized using an injection sodium pentobarbital administered through the orbital sinus (50 mg kg −1 BW; Intervet Canada Corp., Kirkland, QC, Canada) and animals were exsanguinated by severing the carotid artery; blood was collected and weighed. After removing the mammary glands (including associated skin) and internal organs, the head was removed and the carcass was split longitudinally through the midline. Both sides and the head were weighed and stored at −20°C for at least 2 wk before grinding. Mammary glands, uterus, liver, emptied gastrointestinal tract (GIT), and other organs (bladder, kidneys, spleen, pancreas, heart, and lungs) were separated and weighed.
Mammary glands, uterus, and remaining pooled viscera were bagged individually and frozen at −20°C for at least 2 wk before grinding. Whole frozen carcasses (including head, feet, hair, hooves, and skin) and mammary glands were Note: BW, body weight; LD, Longissimus dorsi muscle depth; eBW, empty BW = live weight -gut fill; GIT, gastrointestinal tract; BWa, body water; BL, body lipid; BF, backfat; BP, body protein; BA, body ash; SEM, maximum value of the standard error of the means.
a Including the head; not including viscera, uterus, mammary gland, or blood. Including the skin covering mammary gland.
homogenized individually according to Tuitoek et al. (1997) . Viscera and uteri were grounded two times with a 6.4 mm die individually using a commercial meat grinder (Model 4532, The Hobart Manufacturing Co. Ltd., Don Mills, ON, Canada). A 250 g subsample from each tissue were freeze dried, homogenized, and analyzed in duplicate (SGS Agri-Food Laboratories, Guelph, ON, Canada) for dry matter, nitrogen, and fat content. Dry matter content was determined using forced air oven drying for 2 h at 135°C according to AOAC (1997; Method 930.15) . Nitrogen concentration was determined by combustion analysis according to AOAC (1997; Method 990.03; LECO-FP 428 analyzer, LECO Instruments Ltd., Mississauga, ON, Canada). Fat content was determined using an ANKOM XT-15 extractor (ANKOM Technology, Macedon, NY, USA). Ash content was determined by combustion of freeze dried samples at 565°C for 10 h. The blood pool chemical composition was estimated as in Möhn et al. (2000) . The contributions of carcass, viscera, blood, mammary, and uterus to BP, BL, whole body ash (BA), and whole body water (BWa) were calculated. Estimated eBW, BP, and BL according to NRC (2012; eqs. 8-49, 8-50 , and 8-51) using eBW and BF at slaughter were calculated for comparison. Statistical analyses of physical and chemical body composition data were conducted using the mixed model procedure of SAS with sow as the experimental unit (SAS Institute Inc., Cary, NC, USA). The model included the fixed effect of female age and random effects of block (i.e., group of sows available). The mixed, step-wise regression, and Pearson correlation procedures of SAS were used to compare actual eBW, BL, and BP with those calculated using the NRC (2012) prediction equations. Stepwise regression and Pearson correlation procedures of SAS were performed for BL and BP using actual eBW, BF, LD, and female age. A P < 0.05 was considered significant.
Live BW and eBW were greater (P < 0.001) in parity 3 sows compared with gilts and there were no differences in BF and LD at slaughter (Table 1) . Empty carcass weights (including the head), liver, empty GIT, pooled viscera, mammary glands, uterus, and blood were all greater (P < 0.001) in parity 3 sows compared with gilts. Carcass made up a greater (P < 0.001) percentage of eBW in gilts, whereas all other viscera, mammary glands, and blood made up a greater (P < 0.05) percentage of eBW in parity 3 sows.
Total BP (% eBW) was not different between gilts and sows. Carcass protein made up a greater (P < 0.001) percent of total BP in gilts, mammary gland protein made up a greater (P < 0.001) percent of total BP in parity 3 sows, and there were no differences in viscera, uterus, or blood protein as a percent of total BP. Total BL (% eBW) was not different between gilts and parity 3 sows. Carcass lipid made up a greater (P < 0.001) percent of total BL in gilts and there were no differences in viscera, uterus, mammary, or blood lipid as a percent of total BL between gilts and parity 3 sows. Total BA (% eBW) was not different between gilts and parity 3 sows. Mammary ash made up a greater (P < 0.001) percent of total BA in parity 3 sows compared with gilts and there were no differences in carcass, viscera, uterus, or blood ash as a percent of total BA. Total BWa (% eBW) was not different between gilts and parity 3 sows. Carcass water made up a greater (P < 0.001) percent of total BWa in gilts, mammary gland and blood water made up a greater (P < 0.05) percent of total BWa in parity 3 sows compared with gilts, and there were no differences in viscera or uterus water as a percent of total BWa. For eBW, there was an interaction between method of calculation [i.e., observed vs. calculated using the NRC (2012) prediction equations; P < 0.001] and female age, whereby for parity 3 sows, calculated eBW was less than (P = 0.013) observed eBW (227.6 and 229.2 kg for calculated and observed eBW, respectively), and calculated eBW was not different from observed eBW in gilts. The observed and calculated eBW values were very strongly correlated (R 2 = 0.99). There was no difference in total BP between observed and the NRC (2012) calculated values, which were strongly correlated (R 2 = 0.90; Fig. 1 ).
For total BL, there was an interaction between method of calculation and female age (P = 0.002), whereby in parity 3 sows, calculated BL was less than (P = 0.040) observed BL (47.9 and 54.6 kg for calculated and observed BL, respectively). Calculated BL was not different from observed BL in gilts. The observed and calculated total BL were moderately correlated (R 2 = 0.60; Fig. 2 ). Several alternative regression equations to predict BP and BL (Table 2) have been proposed using a combination of eBW, BF, LD, and female age for this group of gilts and parity 3 sows. Using only eBW and BF [as in NRC (2012) ] to predict total BP, yielded a strong coefficient of determination (R 2 = 0.91). Including eBW, BF, LD, and female age resulted in a stronger coefficient of determination (R 2 = 0.93; Fig. 1 ) to predict BP. Using only eBW and BF [as in NRC (2012)] to predict BL, yielded a relatively low coefficient of determination (R 2 = 0.65). Including eBW, BF, LD, and parity resulted in the best fit (R 2 = 0.77; Fig. 2 ) to predict BL. The chemical body composition for gilts and parity 3 sows is most appropriately considered when expressed as a percentage of eBW or percentage of total chemical component (e.g., protein) to make comparisons that are independent to body size. As a percent of eBW, gilts had greater carcass size, and as a percent of chemical component, gilts had greater carcass protein, lipid, water, and ash, which is suspected to relate to the immature mammary gland development relative to that observed in the parity 3 sows (parity 3 sows had greater mammary weight, and total mammary protein, lipid, ash, and water). The discrepancy between calculated eBW and observed eBW for parity 3 sows only may reflect less predictable changes in body composition that occur through several gestation-lactation cycles. This highlights that the NRC (2012) equation, which is assumed to be accurate across populations of sows, may not be suitable in all situations and could be refined further. (2012) calculated BL against actual BL [with coefficients ± standard error of the mean (SEM)] can be described as BL = (0.59 ± 0.09 × BL NRC ) + 13.48 ± 4.94, where BL NRC is the calculated BL (kg) according to NRC (2012) . The revised BL equation (Table 2 for coefficient SEM) estimates BL = −44.42 + (0.55 × eBW) + (0.61 × BF) − (0.14 × LD) − (8.92 × Parity); where LD is the Longissimus dorsi muscle depth; R 2 = 0.77. Linear regression for the revised BL equation calculated BL against actual BL (with coefficients ± SEM) can be described as BL = (0.7812 ± 0.08 × BL REG ) + 12.07 ± 4.28, where BL REG is the calculated BL using the revised BL equation.
While serial slaughter observations are the most accurate way to determine whole body chemical composition, the studies require a large number of animals due to the variation between animals (Whittemore and Yang 1989). The NRC (2012) provides prediction equations for BP and BL content of sows, which only require eBW and BF as inputs. Calculated BP using the NRC (2012) equation agreed reasonably well with actual BP, while BL was not accurately predicted. This discrepancy may be due to genetic differences (Gill 2006 ) and can be influenced by technician, equipment used to obtain BF and LD values, and posture of the sow when measuring BF and LD. The inability to create regression equations that accurately fit the current BL data suggests that other variables may need to be included in the equations to improve prediction accuracy. It should be noted that accurate BL prediction proved more difficult than BP with the proposed prediction equations. Thus, estimating total BL using BF measurements are not appropriate and underestimate actual BL in this group of gilts and parity 3 sows. If feeding decisions are made in conjunction with BF (under the assumption that BF can accurately predict total BL) and formulation software, sows may be over-fed during gestation, leading to overconditioning, farrowing problems, reduced feed intake during lactation, and subsequently greater BP and BL loss (Weldon et al. 1994; Mahan 1998) . This perpetuates fluctuations in body composition that should be avoided to maximize lifetime productivity (Close and Cole 1986; Verstegen et al. 1987; Dourmad et al. 1996) . It is reasonable to assume that body composition will be influenced by the physiological state of the sow, even when considering one gestation or lactation period. This has been demonstrated in dairy cattle (Andrew et al. 1994) , where total BP, BL, and BWa differed between dairy cattle that were prepartum, in early lactation, or late lactation, but of similar BW.
Due to the limited number of animals in the study, there were several limitations that should be considered with the interpretation: sows were only slaughtered at two physiological states (non-pregnant gilts and newly weaned parity 3 sows), which heavily confounds female age with eBW; only one breed (Yorkshire) was considered based on breed availability at the research station; and two very different physiological states were used. For future serial studies, in addition to more animals, it would be beneficial to slaughter at different physiological states (e.g., throughout gestation and lactation) across multiple parities, and with different genotypes to generate a more accurate algorithm. Alternatively, as technology improves, it may become feasible to utilize dual-energy X-ray absorptiometry to determine BP and BL of anesthetized, live animals (Mitchell et al. 1996 ). This will provide the ability to measure body composition of the same animal at multiple time points, however does not allow for discrimination between different tissues (e.g., maternal vs. conceptus). Regardless of the measurement method of body composition, an opportunity may exist to improve the model robustness if other noninvasive live-animal measurements are included, which can be utilized for feeding and management decisions. Table 2 . Relationship between body protein (BP, kg) or body lipid (kg) and empty body weight (eBW, kg), backfat depth (BF, mm), Longissimus dorsi muscle depth (LD, mm), and parity (no.) ± standard error of the mean (P value for coefficient) in the equation BP = intercept + eBW + BF + LD + Parity for 8 nonpregnant gilts and 21 weaned parity 3 sows.
Intercept eBW BF LD Parity R 2 Body protein (kg) 5.2 ± 5.1 (P = 0.32) 0.11 ± 0.02 (P < 0.001) −0.23 ± 0.08 (P = 0.007) 0.09 ± 0.07 (P = 0.255) 1.77 ± 0.62 (P = 0.008) 0.93 9.9 ± 3.1 (P < 0.01) 0.12 ± 0.02 (P < 0.001) −0.19 ± 0.07 (P = 0.013) -1.62 ± 0.61 (P = 0.013) 0.93 1.5 ± 5.6 (P = 0.79) 0.17 ± 0.01 (P < 0.001) −0.26 ± 0.09 (P = 0.009) 0.04 ± 0.08 (P = 0.615) -0.91 9.2 ± 5.7 (P = 0.12) 0.11 ± 0.02 (P = 0.002) -−0.01 ± 0.08 (P = 0.865) 1.95 ± 0.70 (P = 0.010) 0.91 4.1 ± 2.5 (P = 0.12) 0.17 ± 0.01 (P < 0.001) −0.23 ± 0.08 (P = 0.006) --0.91 Body lipid (kg) −44.4 ± 20.3 (P = 0.04) 0.55 ± 0.08 (P < 0.001) 0.61 ± 0.32 (P = 0.064) −0.14 ± 0.30 (P = 0.637) −8.92 ± 2.45 (P = 0.001) 0.77 −52.1 ± 12.2 (P < 0.01) 0.54 ± 0.08 (P < 0.001) 0.55 ± 0.28 (P = 0.060) -−8.68 ± 2.36 (P = 0.001) 0.77 −54.8 ± 20.7 (P = 0.01) 0.56 ± 0.09 (P < 0.001) -0.12 ± 0.28 (P = 0.668) −9.39 ± 2.57 (P = 0.001) 0.74 −25.8 ± 24.0 (P = 0.29) 0.27 ± 0.05 (P < 0.001) 0.73 ± 0.38 (P = 0.071) 0.08 ± 0.36 (P = 0.815) -0.65 −20.7 ± 10.6 (P = 0.06) 0.27 ± 0.04 (P < 0.001) 0.77 ± 0.33 (P = 0.027) --0.65
